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The Human Ear
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Overview of the parts of the ear



2

10/23/2008 3

The ear is a receiver and transducer of
pressure changes. 

• The outer ear: 
Directional collector 
and amplifier. 

• The middle ear: 
Impedance matching 
and protection.

• The inner ear: Spectral 
(frequency) analysis and 
transduction. 
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The ear and auditory transduction
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Outer Ear 
• Pinna: 

– The outer fleshy part of the ear helps focus sound 
waves 

• Auditory canal (that part of the ear you're not 
supposed to put q-tips in): 
– Has wax to protect from insects and hairs to keep a 

constant temperature. also serves to amplify sounds 
around its resonant frequency (2,000-5,000 Hz).

• Tympanic membrane (eardrum): 
– A taut membrane at the end of the auditory canal that 

vibrates with the changes in air pressure at the ear
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The middle ear

• The middle ear cavity is 
filled with air. 

• The Eustachian tube links 
the middle ear with the 
nasopharyngeal cavity so 
that the middle ear can 
adjust to changes in 
atmospheric pressure. 
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Middle Ear 

• Ossicles: 
– Three bones (the smallest bones in the body) that 

connect the tympanic membrane of the outer ear and 
the oval window of the inner ear. 

– The three bones in order are malleus, incus, and stapes.

• The ossicles serve to amplify vibrations (about 
22x) between the outer ear and inner ear. This is 
necessary since vibrations in the inner ear travel 
through fluid which is much more dense than air. 
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The ossicles amplify in two 
ways: 

• Concentrate vibrations of the large 
tympanic membrane onto the small 
footplate of the stapes (an amplification of 
about 17 times). 

• Act as a fulcrum and so (because of the way 
they are hinged) benefit from the lever 
principle (another amplification of 1.3 
times)
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The outer and middle ear are 
purely mechanical.

Transduction and analysis
begin at the inner ear.

• The cochlea is the site at 
which vibrations of the 
stapes and inner ear fluid 
are transduced to neural 
responses in fibers of the 
auditory nerve.
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Inner Ear 

• Cochlea: a coiled liquid-filled structure. 
– The liquid inside the cochlea vibrates because the 

stapes pushes on the oval window (at the base of the 
cochlea).

– The cochlea has three layers: 
• scala vestibuli,
• scala tympany,
• and the cochlear partition.

• Inside the cochlear partition is the organ of corti, 
which is the site of auditory transduction.
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The inner ear

• Part of the inner ear is concerned with balance (vestibular 
system).

• The part of the inner ear that contains the receptor cells for 
hearing is the cochlea. 
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The cochlea is a coiled tube that resembles a 
snail shell

• In humans, the 
cochlea coils 
about 2.5 times.

• A cross-section 
through the coiled 
cochlear tube 
reveals that the 
inside is divided 
into three 
compartments.
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• The receptor cells are located in the scala media, on the 
organ of Corti.

• Composition of the fluids in the three compartments is 
different. 
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The organ of Corti
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The organ of corti
• Contains inner hair cells (afferent) and outer hair 

cells (efferent).
• Sits on top of the basilar membrane.
• Is covered by the tectorial membrane.
• Auditory transduction: 

– When the basilar membrane moves up and down, the 
cilia of the inner hair cells (small hair-like projection 
off of the hair cells) rub against the tectorial membrane. 

– The bending of the cilia produces and electrical 
response in the hair cells.

• Outer hair cells also help amplify vibrations of the 
basilar membrane.
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Pitch Perception 

• How does the firing of hair cells signal 
different pitches?
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Vibration of Basilar Membrane

• Base (stapes end of basilar membrane):
– Best stimulated by high frequencies

• Apex (most inner point of basilar 
membrane):
– Best stimulated by low frequencies
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Place code for pitch
• Big idea: 

– Different frequencies are signaled by neurons that are 
located in different places in the auditory system 

• Bekesy studied the basilar membrane to discover 
that: 
– The motion of the basilar membrane is a traveling wave
– The base of the basilar membrane (near the oval 

window) is three or four times narrower than the apex 
(the far end of the cochlea). 

– At the base, the basilar membrane is 100 times stiffer 
than it is at the apex.
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• Using this information, Bekesy constructed 
models of the traveling wave motion of the basilar 
membrane
– He discovered that different frequencies of sound 

would lead to a different envelope of vibration on the 
basilar membrane with a different peak of displacement 
for each frequency.

– Therefore, different frequencies of sound would get a 
peak vibration in different places on the basilar 
membrane. 

– The point of peak vibration of the basilar membrane 
would presumably cause the most bending of the cilia 
and elicit the most response from the hair cells in that 
part of the cochlea. 

– High frequencies would cause greatest vibration near 
the base, and low frequencies would cause greatest 
vibrations near the apex. 
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Tonotopic map

• Measuring electrical responses from 
different points on the cochlea revealed that 
there is indeed a tonotopic map - cells in 
different spots on the cochlea respond to 
different frequencies, with high frequencies 
near the base, and low frequencies near the 
apex.
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Frequency tuning

• Microelectrode recording revealed that 
individual cells are responsive to different 
frequencies of vibration. 

• A cell's characteristic frequency is the 
frequency to which that neuron is most 
sensitive.
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*COOL*

• The cochlea works as a frequency analyzer 
(it does what Fourier transform does)…it 
analyzes incoming sound into its constituent 
frequency components and translates the 
components into separated areas along its 
length.
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Hearing sensitivity varies as a function of 
frequency

• Humans hear from about 20 Hz to 20,000 Hz. 
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Some characteristics of auditory nerve fiber 
responses to sound

• Auditory nerve fibers 
respond to a narrow range 
of frequencies at low 
intensities, and a broader 
range at higher intensities.

• The combination of 
frequencies and intensities 
to which the fiber responds 
is its frequency response 
area (or tuning curve).
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Different animals have different hearing 
ranges

• In general, large animals have good low frequency 
hearing and small animals have good high 
frequency hearing. 
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So…we have the Place Theory
• The auditory nerve projects in an organized way so that the map 

of frequency is maintained at every level of the central auditory 
system. 
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But wait!
Timing (Temporal) Code for Pitch 

• Big idea: 
– Different frequencies are signaled by the 

frequency of firing of neurons in the auditory 
system 

• Big problem: 
– Neurons have a refractory period which allows 

them to fire a maximum of 500 times per 
second (500 Hz). 
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Timing code for pitch 

• How would such neurons be able to signal 
higher frequencies (because, as we know, 
people can hear frequencies of up to 20,000 
Hz)?


